ABSTRACT. 5-Fluorouracil (5-FU) is widely used in chemotherapy for treatment of colorectal cancer. Leucine-rich repeat-containing G protein-coupled receptor (LGR) is known to participate in the occurrence and development of breast cancer by regulating the rebirth of tumor vessels. This study aimed to explore the proliferation and apoptosis of HCT116 colorectal cancer cells treated with 5-FU and related molecular mechanisms. 5-FU (20 µg/mL) was used to treat cultured HCT116 cells. An MTT test, flow cytometry, and colony formation assays were used to examine the proliferation and apoptosis of HCT116 cells. Western blotting was applied to detect the expression of the LGR4 protein in HCT116 cells. Small interference RNA or over-expression techniques were used to manipulate LGR4 expression in HCT116 cells and describe the proliferation and apoptosis of HCT116 treated with 5-FU. A dosage of 20 µg/mL 5-FU resulted in a significant decrease in the proliferation and apoptosis of HCT116 cells and significantly decreased expression levels of LGR4. The specific gene silence or over-expression of LGR4 in HCT116 cells increased and decreased the levels of apoptosis in HCT116, respectively. 5-FU induces apoptosis of colorectal cancer cells and inhibits proliferation by suppressing LGR4 proteins.
INTRODUCTION
Colorectal cancer, the third most prevalent gastrointestinal cancer (following gastric and esophageal cancer), decreases the patient's quality of life and constitutes a public health issue (Peng et al., 2015) . Colorectal cancer often develops in the junction of the sigmoid colon and rectum in patients between 45 and 55 years of age. The incidence ratio in men and women varies from 2:1 to 3:1 (Peng et al., 2015) . Patients often experience indigestion, abdominal distention and pain, edema, jaundice, and supraclavicular lymph node swelling (Peng et al., 2015) . Treatments for colorectal cancer include surgical resection, chemotherapy, immunotherapy, or a combination of these methods (Ogata et al., 2015) .
Surgical treatment is still the most effective and primary choice. However, its effectiveness is limited in elderly patients or cardiovascular disease patients, for whom chemotherapy is an alternative choice (Ogata et al., 2015) . 5-Fluorouracil (5-FU) is the most widely used chemotherapy drug for the treatment of colorectal cancer (Ogata et al., 2015) and is an effective cancer treatment (Yashima et al., 2015) . 5-FU is known to inhibit the growth and proliferation of breast cancer cells and induces cell apoptosis . However, the molecular mechanisms of 5-FU in resisting colorectal cancer have not been studied.
LGR4 is a Wnt signal transduction pathway receptor and belongs to the RSPO family . The LGR4 protein participates in the occurrence and development of breast cancer by regulating angiogenesis (Liang et al., 2015) .
Studies have shown that LGR4-positive tumor cells have a strong proliferative ability, making it an important marker of tumor cell proliferation and migration. Therefore, knockout of the LGR4 gene in tumor cells may improve the treatment efficacy of chemotherapy.
Because the molecular mechanism of LGR4 in colorectal cancer has not been determined, this study used HCT116 cells to investigate the effects of 5-FU on the development, proliferation, and apoptosis of HCT116 cells and its related molecular mechanisms.
MATERIAL AND METHODS

Reagents and cells
5-FU was purchased from Sigma (St. Louis, MO, USA). It was dissolved in sterilized double-steamed water to a concentration of 50 g/mL and was stored at -80°C until use. Both mouse monoclonal anti-LGR4 antibody and goat anti-mouse IgG secondary antibody conjugated with horseradish peroxidase were purchased from Santa Cruz (Dallas, TX, USA). Mouse monoclonal anti-actin antibody was purchased from Sigma. Both Dulbecco's modified Eagle's medium (DMEM) and fetal bovine serum (FBS) were purchased from Sigma. Colorectal cancer HCT116 cells were obtained from American-Type Culture Collection (ATCC).
Cell culture
As previously reported (Monavari et al., 2014) , HCT116 cells were re-suspended in DMEM (containing 10% FBS) after recovery, and were cultured at 37°C in a 5% CO 2 chamber for 24 h. 5-FU (20 µg/mL) was added, and an equal volume of sterilized water was applied in the control group. After 48 h, all cells were collected for western blot and colony formation tests.
MTT test
As previously reported, the MTT assay was adopted to describe the proliferation ability of cultured HCT116 cells in each group (Damnjanovic et al., 2015) . In brief, cells in each group were inoculated on a 96-well plate (9000 cells/well). After 72-h incubation, 5 mg/mL MTT reaction solution (blue-violet crystal methyl formazan) was added for 4-h color development. DMSO (160 µL) was added to each well to stop the reaction, followed by a 6-min rinse. An enzyme-linked immunoassay instrument measured absorbance values at 492 nm. The cell growth curve was plotted using the optical absorbance value and standard curve.
Flow cytometry
Flow cytometry was used to detect the apoptosis of HCT116 cells as previously reported (Riquier et al., 2015) . Cells (80,000) were re-suspended in 250 µL combination reagent of Annexin-V-FITC, followed by the addition of 5 µL Annexin-V-FITC reaction reagent. The mixture was developed in the dark at room temperature (23°C) for 20 min (AlKurashi et al., 2011) . Flow cytometry was used to describe the apoptosis level using 488 and 625 nm exciting and absorbing wavelengths, respectively.
Colony formation test
We further examined the colony formation capacity of cultured HCT116 cells following established procedures (Diensthuber et al., 2014) . First, cells were serially diluted to 0, 5, 20, 80, and 160 cells (Sempere et al., 2014) . All cells were then inoculated onto soft agar plates, which were then cultured in a 5% CO 2 incubator at 37°C for 14 days. After the formation of colonies, culture medium was removed, followed by fixation using 100% methanol at room temperature for 20 min. Giemsa reagent was used to stain the cells for 20 min. The number of cell colonies was counted and recorded.
Western blot
According to the established protocol (Yan et al., 2015) , HCT116 cells were collected for the quantification of the LGR4 protein level (Fachal et al., 2014) . Cells were first lysed in buffer for 30 min on ice and were centrifuged to collect proteins. Using anti-LGR4 and anti-actin antibodies, membranes were incubated for 2 h, followed by incubation with the secondary antibody. After gentle washing, horseradish peroxidase reagents were used for color development. Images were captured and analyzed for relative LGR4 levels in each group. LGR4 siRNA transfection HCT116 cells were inoculated on 96-well plates. Culture medium was changed 1 day before transfection.
LGR4 siRNA (5'-GGTTA CCTTG TTACG ACTTA GAGTT TGATC CTGGC TCA-3') was diluted in serum-free DMEM at 250 nM. siRNA was gently mixed with transfection reagent and incubated at room temperature for 30 min. Liposome mixtures were added on 96-well plates, which were then incubated in a CO 2 chamber at 37°C for 36 h. Further tests were performed to examine the status of cell apoptosis (Ionov et al., 2015) .
Statistical analysis
SPSS 16.0 was used to process all data, which are reported as means ± standard deviation (SD) (Oliveira et al., 2014) . One-way analysis of variance was adopted in multiple group comparisons . P < 0.05 was defined as having statistical significance.
RESULTS
Growth of HCT116 cells was inhibited by 5-FU
As shown in Figure 1 , after the addition of 20 µg/mL 5-FU, the growth of HCT116 cells was significantly inhibited (P = 0.029). 
HCT116 cells treated with 5-FU exhibited apoptosis
After treatment with 20 µg/mL 5-FU, HCT116 cells exhibited significant apoptosis (as shown by phosphatidylserine valgus (P = 0.0001; Figure 2 ).
HCT116 cell proliferation was inhibited by treatment with 5-FU
As shown in Figure 3 , HCT116 cells treated with 20 µg/mL 5-FU formed fewer colonies (P = 0.0078), suggesting impaired proliferation capacity. 
LGR4 protein expression levels in HCT116 cells
The LGR4 protein was expressed in HCT116 cells (Figure 4 ). After treatment with 20 µg/ mL 5-FU, the expression level of the LGR4 protein in HCT116 cells was significantly reduced (P = 0.017; Figure 4 ). LGR4 gene silencing enhanced the 5-FU sensitivity of HCT116 cells As shown in Figure 5 , after the intervention of LGR4 gene expression using siRNA, the application of 5-FU significantly increased the cell apoptosis level (P = 0.031). These results indicate that the sensitivity of HCT116 cells to 5-FU was enhanced by silencing the LGR4 gene. 
DISCUSSION
The common digestive system cancer (Tristante et al., 2015) , colorectal cancer, is increasing in incidence despite improvements in living standards (Cho et al., 2015) . Therefore, the molecular mechanisms of the growth and apoptosis of colorectal cancer have clinical significance.
At present, the chemotherapy drugs used for treatment of colorectal cancer fall into six major categories, namely bevacizumab, irinotecan, capecitabine, 5-FU, oxaliplatin, and cetuximab. Each kind of drug has a unique molecular mechanism and clinical efficacy. Oxaliplatin and 5-FU are commonly recommended in clinical practice because of their less severe side effects.
5-FU exerts its anti-tumor action via inducing cellular apoptosis. However, the potential molecular targets of 5-FU have yet to be studied. Therefore, we explored the possible regulatory mechanism of 5-FU on HCT116 cells. After treatment with 5-FU, both growth capacity (P = 0.029) and proliferative capacity (P = 0.0078) of HCT116 cells decreased significantly. This is consistent with previous research (Siyar Ekinci et al., 2015) .
LGR (Siyar Ekinci et al., 2015) is a Wnt signal transduction pathway receptor (Fachal et al., 2014) and belongs to the RS5-PO family (Haack et al., 2015) . LGR participates in the occurrence and development of breast cancer. However, whether the LGR4 protein is involved in the growth and proliferation of colorectal cancer cells is not clear. This study showed that after treatment with 5-FU, the expression levels of LGR4 in HCT116 cells decreased. This was further supported by the silence or over-expression of the LGR4 levels and related increased or decreased levels of apoptosis.
The therapeutic effect of 5-FU is closely associated with the LGR4 protein. First, our results have shown that after 5-FU treatment, the expression level of the LGR4 protein in HCT116 cells significantly decreased. Second, siRNA intervention of the LGR4 gene increased the sensitivity of cells to 5-FU, as shown by higher apoptotic levels (such as phosphatidylserine valgus). Third, overexpression of LGR4 inhibited 5-FU-induced cell apoptosis. These results demonstrated that LGR4 played an important role in the treatment efficacy of 5-FU in colorectal cancer cells. Meanwhile, these results also suggested the potency of the LGR4 protein as a drug target for future cancer treatment.
Follow-up studies should be carried out. First, clinical samples of colorectal cancers at different stages should be analyzed for the expression levels of the LGR4 protein using western blotting to further support our in vitro model. Second, more tumor samples from patients treated with different chemotherapy drugs should be analyzed for LGR4 protein levels using western blot, in an attempt to further explore the potency of LGR4 protein as a novel cancer marker. Moreover, colorectal tumor cells with LGR4 gene knockouts or knockdowns should be injected into nude mice, after receiving 5-FU treatment. This should help us to better evaluate the treatment efficacy of combing chemotherapy and the genetic approach. These studies could help show the clinical significance of treatment.
In clinical practice, it is common to observe drug resistance to 5-FU in colorectal cancer patients. In order to effectively eliminate cancer cells, clinicians need to increase the drug dose. However, this may cause various adverse effects, such as hair loss, nausea, diarrhea, and dermatitis (Takii et al., 2013) . To minimize such side effects from 5-FU treatment, it is necessary to increase the sensitivity of cancer cells to 5-FU. Our results showed that deceasing LGR4 repression might elevate the sensitivity of cancer cells to 5-FU and help to improve the efficacy in the clinic.
In summary, 5-FU induces apoptosis of colorectal cancer cells and inhibits its malignant proliferation by decreasing LGR4 proteins, which may work as a potential drug target.
